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Vascular changes at the puncture segments of
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Objective: Repeated puncture is a mechanical injury to the hemodialysis accesses. We systemically observed the vascular
changes at the puncture segments of arteriovenous fistulas.
Methods: The native arteriovenous fistulas in 104 patients on maintenance hemodialysis using the buttonhole technique
for puncture were studied. We used the duplex scan to observe the intimal lesions, the maximal diameters at the arterial
and venous puncture segments, and the references.
Results: Intimal lesions were found in 42% and 40% of the arterial and venous puncture segments, none of which resulted
in significant luminal stenosis. The differences between diameters at the arterial or venous puncture segments and the
corresponding references were significant (arterial, 11.07  4.45 vs 6.85  2.35 mm, P < .001; venous, 8.82  4.13 vs
5.54 2.22 mm, P< .001). All segments, except only three arterial and four venous puncture segments, were larger than
the corresponding references. The degree of vascular dilatation, defined as the diameter difference between the puncture
segments and the references calibrated by the reference diameter, were 64.1  49.6% at arterial puncture segments and
59.9  42.2% at venous segments. Multivariate analysis revealed that the patient age and the puncture duration were
strongly correlated with the degree of vascular dilatation at both the arterial (P .018 and .007, respectively) and venous
puncture segments (P  .020 and .011, respectively).
Conclusion: Puncture of arteriovenous fistula using a buttonhole technique resulted in a consistent vascular dilatation and
moderately high incidence of intimal thickness, but no significant luminal stenosis was found. (J Vasc Surg 2010;52:
669-73.)For patients with chronic renal failure, keeping the
hemodialysis vascular access well-functioning is essential to
maintain successful hemodialysis. However, vascular access
dysfunction is one of the most important causes of morbid-
ity and is responsible for approximately 20% of all hospital-
izations in the hemodialysis population.1 For hemodialysis
access, repeated puncture is inevitable. However, puncture
is undoubtedly a mechanical injury to the vascular walls.
The injury and consequent repair potentially induce several
biological reactions including leukocyte infiltration, throm-
bosis, death, or proliferation of vascular cells. These biolog-
ical reactions have been demonstrated to play important
roles in vascular remodeling and development in human
and animal studies.2-6 Although repeated puncture of arte-
riovenous fistula (AVF) or graft has been observed to be
associated with developments of aneurysm,7-12 systematic
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Accordingly, the present study surveyed the vascular
changes at the puncture segments of AVF utilizing the
duplex scan in 104 patients on maintenance hemodialysis.
The intimal lesions and the diameter changes at the punc-
ture segments were investigated. The correlations with
clinical variables were also tested.
METHODS
Study population. From July 2006 to June 2007,
patients on maintenance hemodialysis at the Chang Gung
Memorial Hospital, Tao Yuan, Taiwan, referred for the
duplex scan study were screened for enrollment. The pa-
tients were referred to assess the function of AVF due to
clinical suspicion of dysfunction or for regular surveillance.
Only patients who received hemodialysis using a native
AVF for at least 1 month were enrolled. Patients with
intraluminal thrombi were excluded due to the difficulty in
accurate assessment of the vascular structures. All patients
received hemodialysis using the buttonhole technique,8,10
a technique that cannulated the AVF repeatedly at exactly
the same spots. A tourniquet was usually applied at the arm
proximal to the puncture site during the puncturing pro-
cedure and a 15- or 16-gauge needle set was routinely used
for cannulation with an angle of 25° to 30°. Local anesthe-
sia or ultrasound scan guidance was not used. Three fixed
spots were cannulated alternatively in each puncture seg-
ment. All patients received 4-hour dialysis three times per
week. Clinical records were also reviewed. The puncture
duration was defined as from the initiation of puncture to
the duplex scan study on the same AVF and hemodialysis
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informed consents were obtained from all patients, and this
cross-sectional study was approved by the ethics committee
of our hospital.
Duplex scan study. The duplex scans were performed
by a single experienced operator utilizing an Acuson 128
XP10 color Doppler scanner (Acuson, Mountain View,
Calif) equipped with a 7.0-MHz imaging/5-MHz Dopp-
ler linear-array transducer. All patients received the exami-
nation in the supine position, and the room temperature
was maintained at 22°C to 23°C.
B-modemeasurements. The luminal diameters of the
vessels were measured between the bright internal layers of
the parallel vessel walls by the B-mode ultrasound scan in a
longitudinal plane. In order to avoid compression of the
vessel while measuring the diameters, the transducer was
initially placed firmly over the observed segment and then
gradually released until the ultrasound image of the vessel
was hardly detectable. Then the position of the transducer
was kept in contact with the skin as lightly as possible where
a clear ultrasound image could be obtained. The puncture
segments were defined as the segments of the AVF venous
limb where small dimples were created by the buttonhole
technique on the overlying skin. The maximal diameters at
the arterial and venous puncture segments (Amax and Vmax,
respectively) were recorded. The diameters of the adjacent
segments, free from being punctured with constant diam-
eters and about 1-cm distance from the puncture segments,
were taken as the references (Aref and Vref, respectively). In
order to minimize the measurement error, the presence of
intimal lesions at the puncture segments was recorded only
when the maximal intimal thickness was at least 1 mm. Any
significant stenosis at either puncture or nonpuncture seg-
ments was also observed. A luminal lesion ofmore than 50%
stenosis was defined as significant according to theNational
Kidney Foundation Disease Outcomes Quality Initiative
Fig. The degree of outward remodeling at arterial (A) an
puncture duration (P within groups  .001); error bar:guidelines.10Doppler measurements. Previous studies revealed
flow volume in the feeding brachial artery correlated well
with access flow rates.13 In this study, we were concerned
about the local hemodynamic effect on the puncture sites;
therefore, the flow was measured at the venous limb be-
tween the arterial and venous puncture sites, where the
venous segment was less angulated with a relatively con-
stant diameter.14 It was the product of the angle-corrected
time-averaged flow velocity (TAV) and the cross-sectional
area (Fig, A) of the vessel, as shown in the following
formula: FV TAV A TAV [(d/2)2], in which
d stands for the vessel diameter measured as described
above. The TAV was measured using pulse-wave Doppler
in a longitudinal plane with an insonating angle maintained
at 60° or less over five complete cardiac cycles.
Statistical analyses. The continuous variables were
expressed as mean  SD and categorical variables as per-
centages. Since the distribution of puncture duration was
skewed to the right, its values were categorized into three
subgroups: equal or less than 12, from 12 to 36, and more
than 36 months. Comparisons between diameters of the
puncture segments and the reference were analyzed by
paired t-test. Two-sample independent t-test, one-way
analysis of variance, or Pearson’s correlation coefficients
were used to find the correlations between the clinical and
Doppler scan variables, as appropriate. Multivariate analysis
by backward stepwise selection was performed to deter-
mine the independent predictors of the vascular changes. A
P value  .05 was considered statistically significant. The
Statistical Package for the Social Sciences for Windows
version 13.0 (SPSS Inc, Chicago, Ill) was used for statistic
analyses.
Reproducibility. Ten random patients were exam-
ined for observer variability. Observer variabilities were
calculated as the SD of the differences between the two sets
of measurements divided by themean of the differences and
ous (B) puncture segments between three subgroups of
onfidence interval of the mean.d venexpressed as percentage. Interobserver variability of B-
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ity was 6.4%.
RESULTS
Patient and arteriovenous fistula characteristics. A
total of 104 patients were enrolled in this study. The patient
age was 58.3 13.2 years (range, 22-85 years). Forty-eight
patients were female and 56 male. The incidence of diabe-
tes mellitus, hypertension, and coronary artery disease were
40%, 54%, and 7%, respectively. Thirty-five percent of patients
had hypertriglyceridemia and 22% had hypercholesterolemia.
Percentages of patients on regular medications were as fol-
lows: aspirin, 13%; statin, 7%; angiotensin-converting enzyme
inhibitor or angiotensin receptor blocker, 9%; -blocker,
19%; and calcium channel blocker, 23%. The characteristics
of AVF are summarized in the Table. Two thirds of the
AVFs were of radiocephalic type. The ranges of puncture
duration and hemodialysis duration were both from 1 to
252months. No patient had a history of vascular rupture or
surgical correction for aneurysm. Thirty-nine patients
(38%) had ever received percutaneous transluminal angio-
plasty for AVF stenosis.
Duplex scan study
Intimal lesions. The intimal lesions were found in 44
(42%) and 41 (40%) of patients with AVFs at the arterial and
venous puncture segments, respectively. Despite the relatively
high incidence of intimal lesions found at the puncture seg-
ments, no lesions caused significant luminal stenosis. The
mean intimal thickness was 1.66  0.77 at the arterial
puncture segment and was 1.68  0.71 mm at the venous
puncture segment. In contrast, significant stenosis and was
discovered at the nonpuncture segments in 38 AVFs
(36.5%). Twenty-three stenostic lesions were located at the
juxta-anastomotic region, and 15 lesions were between the
arterial and venous puncture segments.
Changes in luminal diameter at the arterial and
venous puncture segments. There were significant differ-
ences between the diameters of puncture segments and the
corresponding references (Amax vs Aref, 11.07  4.45 vs
6.85  2.35 mm, P  .001; Vmax vs Vref, 8.82  4.13 vs
Table. Characteristics of arteriovenous fistulae
Location of AVF:
Radiocephalic 69 (66.3%)
Brachioanticubital 16 (15.4%)
Brachiocephalic 13 (12.5%)
Brachiobasilic 6 (5.7%)
Hemodialysis duration (mo) 44.5  50.1
Puncture duration (mo) subgroup: 36.3  42.3
12 38 (36%)
12 	 36 32 (31%)
36 34 (33%)
Flow volume (cc/min) 1085.3  1008.1
Hemodialysis blood flow (cc/min) 272.3  41.8
AVF, Arteriovenous fistula.
Categorical variables were expressed as number (percentage).5.54  2.22 mm, P  .001). All diameters at puncturesegments were larger than the corresponding references,
except for only three arterial and four venous segments.
The differences were 4.22  3.19 mm (ranged from 0.7
to 13.7 mm) between Amax and Aref and 3.29  2.62 mm
(ranged from1.1 to 10.6mm) between Vmax and Vref. All
these findings indicated consistent vascular dilatation of the
puncture segments. The degree of vascular dilatation, de-
fined as the diameter difference between the puncture and
reference segments calibrated by the reference diameter
(AmaxAref/Aref orVmaxVref/Vref100%), were 64.1
49.6% and 59.9  42.2%, respectively.
Univariate analyses revealed that the degree of vascular
dilatation at the arterial puncture segment was strongly
positively correlated with the patient age (Fig, A) and the
puncture duration (P  .003 for both). No other clinical
variables had significant correlation including gender, he-
modialysis duration, comorbidities, smoking, or regular
medication (all P  .05). All other AVF variables were not
associated to the degree of vascular dilatation, even the
presence of significant stenosis of AVF or the history of
percutaneous transluminal angioplasty. The degree of vas-
cular dilatation at the venous puncture segment was also
found to be strongly significantly correlated with the pa-
tient age (Fig, B) and the puncture duration (P .003 and
.006, respectively). It was also borderline significantly cor-
related with the hemodialysis blood flow and the presence
of significant stenosis (P  .046 and .039, respectively).
When multivariate analyses were performed, only the pa-
tient age and the puncture duration remained significantly
correlated with the degree of vascular dilatation at both the
arterial and venous puncture segments (P .018 and .007
for arterial puncture segments; P  .020 and .011 for
venous puncture segments).
DISCUSSION
To the best of our knowledge, this is the first study that
systemically investigated the vascular changes at the seg-
ments of AVF for hemodialysis access exposed to repeated
puncture.
We found intimal changes at 42% of the arterial and 40%
of the venous puncture segments. Mechanical injuries to the
vessel, such as balloon injury or stenting, have been clearly
demonstrated to cause intimal hyperplasia.3-5,10,15-19 The
mechanical trauma to the puncture segments caused by
repeated puncture would be supposed to lead to the intimal
changes as in other scenarios of injury. Although the rela-
tively high incidence of intimal lesions was observed, none
of these caused significant luminal stenosis.
Another important finding in the present study was the
consistent vascular dilatation at the arterial and venous
puncture segments. In all except three arterial and four
venous puncture segments, the vascular diameters were
larger than those of the corresponding reference. Multivar-
iate analysis demonstrated that the patient age and the
puncture duration were independently correlated to the
degree of vascular dilatation at both arterial and venous
puncture segments.
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fects on vascular dilatation of AVFs. Three options for
puncture have been routinely used: the rope ladder, the
area puncture, and the buttonhole technique.8,10 It has
been suggested that aneurysm formation was usually a
result of the area puncture technique.7-10 In the present
study, all the patients received hemodialysis using the but-
tonhole technique. As there was no widely accepted defini-
tion of aneurysm of AVF, we were not able to define the
incidence of aneurysm formation using this puncture tech-
nique. However, in up to 52.9% and 35.6% of the arterial
and venous puncture segments, respectively, the diameters
were larger than 10mm; and in up to 17.3% and 6.7% of the
arterial and venous puncture segments, respectively, the
diameters were even larger than 15 mm.
Clinically, vascular dilatation at the puncture site of
AVF could have positive and negative effects. The adequate
luminal dilation might make vascular puncture easier dur-
ing hemodialysis. On the other hand, extraordinary en-
largement might result in aneurysm formation and require
surgical correction. In our patients, there were no compli-
cations related to large aneurysms.
Several mechanisms might potentially be involved in
the vascular dilatation at the puncture segments. First, each
puncture procedure might result in small tissue defect,
which was sealed initially by fibrin plugs and subsequently
replaced by the connective tissue. These tissues accumu-
lated to expand the circumference of the puncture seg-
ments. In an arteriovenous graft, this mechanism has been
shown to be involved in the aneurysmal dilation.11,20,21
The hemodynamic stresses could also play some roles in
vascular dilatation at the puncture segments.3,4 In addition
to constant exposure to the increased flow resulting from
the shunting flow through the arteriovenous anastomosis,
the arterial and venous puncture segments exposed to
abrupt hemodynamic stresses changes during hemodialysis.
The flow abruptly decreased at the arterial puncture seg-
ment and increased at the venous one, which resulted in
complex hemodynamic stresses. Furthermore, the in-
creased radius of the puncture segment itself caused in-
creased wall tension according to the Laplace law, which
might beget the vascular dilatation.8
This study had several limitations. The study design is
cross-sectional and, therefore, we were not able to observe
the time course of vascular change in response to repeated
puncture. However, as the longer puncture duration was
found to be a strongly independent predictor of vascular
dilatation, the degree of vascular dilatation is likely to
increase with time. Selection bias may also be another
limitation of this study. Not all the dialysis patients in our
hemodialysis center were included in the present study. The
patients were referred due to suspicion of AVF failure or for
routine surveillance at the discretion of the physicians in
charge. In addition, we excluded patients with intraluminal
thrombus, as the presence of thrombus made the measure-
ments more difficult. These could result in bias in patient
selection. Another potential limitation was the resolutionof ultrasound images. The limitation in resolutionmade the
evaluation of intimal thickness only semiquantitative.
In summary, the present study documented consistent
vascular dilatation at puncture segments of AVF using a
buttonhole technique. The older patient age and the longer
puncture duration predict a higher degree of vascular dila-
tation. The repeated puncture of AVF would cause intimal
lesions, although hardly resulted in any significant luminal
stenosis.
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